People living with HIV (PLWH) are aging and many suffer with multimorbidities, making caregiving a relevant and important area of study. The purpose of our study was to understand the occurrence and role of informal caregivers in the current stage of the HIV epidemic. We conducted a Web-based survey with 1,373 PLWH to assess: how many had an informal, unpaid caregiver; the type of relationship with the informal caregiver; and the number of hours the caregiver provided support each day. Among respondents, 333 had an informal caregiver. Blacks, those with low income, individuals who ever had an AIDS diagnosis, those with basic cellphone service, and those living with other comorbid conditions were significantly more likely to have an informal caregiver. Given the demographic profile of those PLWH who were most likely to have caregivers, further study is needed to understand the needs of both caregivers and care recipients.
Informalcaregiversareoftenspouses,partners,family members, friends, or neighbors who are unpaid to assist others with medical tasks or activities of daily living (Family Caregiver Alliance, 2017) . Caregiving is an important scientific area of study because the number of people living longer with HIV infection is growing, and these people are more likely to also be living with one or more other chronic conditions (Centers for Disease Control and Prevention, 2013) . Caregivers often experience stressors that result from behavioral, physical, and cognitive declines in their care recipients' health status (Pinquart & S€ orensen, 2003) . Stress and mental health symptoms (e.g., depression, insomnia) are well-documented negative influences on caregiver health-related quality of life (Schulz & Sherwood, 2008) . Furthermore, when the stress of caregiving becomes chronic, caregivers can become ''silent patients,'' overburdened with the stress and responsibilities of being a caregiver and neglecting to take care of themselves (Schulz & Tompkins, 2010) .
Development of interventions to support caregivers and buffer them from the stress of caregiving may have a positive synergistic effect given the bidirectional nature of the caregiver-patient relationship (Hughes, 2008) . Promising strategies for improving caregivers' physical and emotional health include telephone coaching, social support, problem solving, and stress management (Hansell et al., 1998; Lopez et al., 2007; Stewart et al., 2001 ). Additionally, research has shown that self-care strategies can be used to manage symptoms (Acton, 2002; Schnall et al., Under Review; Schnall et al., 2014; Teel & Leenerts, 2005) . However, the effectiveness of selfcare strategies for caregivers in other diseases has been shown to vary according to environment, age, and ethnic and sociodemographic or cultural background of the caregiver (Clark et al., 2009; Gallant, 1997) . This highlights the need to better understand social, environmental, and demographic differences associated with caregiver outcomes in HIV disease and to develop effective tools to identify and address them. Once evidence-based resources are identified, convenient access to those tools is needed to help caregivers manage the stress associated with caregiving (Hu et al., 2015) . The Surgeon General provided recommendations for caregivers to include: seeking medical attention for depression and anxiety, identifying sources of support in the community, maintaining physical health through exercise and adequate sleep, reducing stress, and receiving education regarding patient illness (Caregiver's Home Companion, 2006) .
Given that nearly half of people living with HIV (PLWH) are older than 50 years of age and many suffer with multiple comorbidities (Blaylock & Wortmann, 2015) , caregiving is a particularly important area of study. HIV has become a chronic disease that affects physical, psychosocial, and spiritual health (Gonzalez et al., 2007; Inez et al., 2008; Simoni et al., 2002) . Informal caregivers play an essential role in assisting PLWH to manage their medical, emotional, physical, and spiritual needs (Turner et al., 1994; Wrubel & Folkman, 1997) ; but limited work has been published related to understanding the current state of PLWH in the United States who have informal caregivers.
A few studies of HIV caregivers were conducted before the widespread use of combination antiretroviral therapy (cART). A review of early literature on informal caregivers for PLWH found that the majority of informal caregivers were male; young adults, ages 30 to 40; White or non-Hispanic: typically lovers, partners, or friends; and living in big cities (Prachakul & Grant, 2003) . In addition, this review suggested that poor health, depression, and suicidal thoughts were among the physical and psychosocial risks faced by informal caregivers of PLWH. These risks were a result of the responsibilities caregiving entailed and of other factors, including HIVseropositive status, perceived social stigma, role overload, and low income.
Today, the caregiving experience for PLWH has become particularly relevant given the shift in the epidemic to a chronic illness. HIV is no longer the acute life-threatening illness it was early in the epidemic. Rates of mortality for those infected with HIV have decreased as treatment for the disease has advanced (Baker et al., 2008; Monforte et al., 2008) , and HIV in the United States is now largely a manageable chronic illness (Deeks et al., 2013) , although HIV-related co-infections (Greene et al., 2013) and the side effects of cART use are still problems patients confront (Deeks & Phillips, 2009; Montessori et al., 2004) . In addition, the shift in health care delivery from hospital to community and home settings has been particularly pronounced for PLWH in the United States (Chu & Selwyn, 2011) . Moreover, as PLWH live longer, they are more likely to experience other chronic illnesses associated with aging, similar to their uninfected counterparts. Of the 1.2 million PLWH in the United States, 50% were older than age 50 years in 2015 (Blaylock & Wortmann, 2015) . By 2020, this number is expected to increase to more than 70% (Services and Advocacy for LGBT Elders, 2016) . Thus, the need for informal care will continue to grow for PLWH as they live longer due to the efficacy of treatment and are also more likely to experience age-related debilitating chronic conditions (Berg et al., 2007) .
The personal impact of HIV often includes fear of disclosure, stigma, rejection, fatigue, despondence, decreased interest in participating in activities, absenteeism, and loss of employment (Duffy, 2005) . These factors often lead to a host of problems, not just for PLWH, but also for their caregivers (Wacharasin & Homchampa, 2008) . Caregiving-related stigma, including fear of infection from caregiving activities and the stigma of affiliating with someone with HIV, may exacerbate HIV caregiver stress (Mitchell & Knowlton, 2009) , making HIV disease uniquely burdensome for caregivers. These challenging factors may affect the relationship between PLWH and their caregivers and may, in turn, negatively impact the caregiving relationship and the successful provision of care.
The goal of our study was to examine the occurrence of informal caregivers in the cART age of the HIV epidemic and, more specifically, focused on PLWH with HIV-associated non-AIDS (HANA) conditions. We sought to better understand the demographic characteristics of care recipients because much of the earlier work conducted with HIV caregivers has not reported the demographic characteristics of those persons who have informal caregivers.
Methods
Between February and August 2016, U.S. PLWH were recruited online to complete a Web-based survey. The primary purpose of the survey was to assess the symptom experiences of PLWH with HANA conditions. The methods and findings related to patients' symptoms are reported elsewhere (Iribarren et al., 2017) . Briefly, banners on social networking sites (e.g., Facebook), bulletin boards (e.g., Craigslist), health sites (e.g., The Well Project) and sexual networking sites (e.g., BGCLive) advertised the study. Eligibility criteria included: HIV infection by self-report, age 18 years or older, ability to read and respond in English, U.S. resident, reporting HIVrelated symptoms in the previous 30 days, and willing to participate in an online survey. The online survey took approximately 20 minutes to complete and no incentives were given. The Columbia University Medical Center Institutional Review Board approved all study procedures.
Individuals who clicked on an online study banner ad were automatically directed to a study landing page that screened potential participants. The screening survey included questions related to the eligibility criteria described above. Individuals who qualified for the study then saw an online consent form and were required to click consent before having access to the online survey. Approximately 1,895 individuals completed the online study screener and 1,373 persons completed the survey.
Measures
The online survey elicited information on demographics (e.g., gender, sexual orientation, race, education, income), HANA conditions, technology use, and drug use. In addition, we asked participants whether they had an informal, unpaid caregiver, the relationship with the informal caregiver (e.g., spouse, relative, friend) and the number of hours the caregiver provided support each day. All questions had a prefer not to answer response option.
Demographics. Demographic information included questions about current age (in a pull-down menu), current gender identity (male, female, transgender male, transgender female, gender queer), gender assigned at birth (male, female), how they would describe their sexual orientation (homosexual, heterosexual, bisexual), whether they considered themselves to be Hispanic or Latino, and what race or ethnicity they considered themselves (African American/ Black/Caribbean Black, Multi-ethnic Black, American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander, White, or other race/ethnicity). Participants were asked to select (from a pull-down menu) the U.S. state in which they resided, and the size of their city (i.e., rural area, small town, suburb of a smaller urban area, suburb of a big city, big city). In addition, level of education (none, elementary school, some high school, high school graduate/GED, some college, associate degree/technical degree, college graduate [4 years], professional or graduate degree) and income (, $10,000, $10,000-$19,999, $20,000-$39,999, $40,000-$59,999, $60,000-$79,999, $80,000-$99,999, $100,000-$149,999, $150,000 or more, don't know) were collected. Finally, all participants were asked if they had ever been diagnosed with AIDS.
HIV-associated non-AIDS (HANA) conditions. Participants were asked to report whether they had any of the following HANA conditions: HANA health symptoms related to asthma, bronchitis, cardiovascular disease, chronic obstructive pulmonary disease (COPD), diabetes, liver disease, osteoporosis, renal failure, or arthritis.
Drug use. Participants were asked whether they had used any of the following drugs (and could indicate any that applied) in the previous 3 months: cocaine, crack, crystal methamphetamine, downers, ecstasy, erection medication, hallucinogens, heroin, ketamine, marijuana, methadone, painkillers, and uppers.
Informal caregiving. Questions about informal caregiving were asked of all participants, including whether they had an informal caregiver (also referred to as a support person), the nature of their relationship with the caregiver (romantic partner, family member, other), whether they lived with their caregiver, how many years they had known their caregiver (, a year, 1-2 years, 3 or more years), how much time they spent each day with their caregiver (all day, 6-18 hours, , 6 hours per day), and whether they relied financially on this person.
Data Analysis
R software (R core team, Vienna, Austria, 2013) and SAS 9.3 (SAS Institute, Cary, NC, 2012) were used to conduct statistical analyses. Descriptive statistics were used to analyze the demographic characteristics of the overall sample. Urbanicity was collapsed into the following categories: (a) big city; (b) suburb of a big city, suburb of a big town, or small town; and (c) rural area. Bivariate analysis was then conducted between demographic information and having a caregiver (Yes, No). Next, binomial logistic regression with Lasso regularization (Friedman et al., 2010) was used to assess predictors of having a caregiver. All predictor variables were entered into the model simultaneously to decrease the chance of missing important predictors due to multicollinearity. Lasso is an innovative model selection method and can provide superior prediction models as compared to traditional model selection methods (Fu, 1998) . There is no traditional significance test with Lasso regression (Lockhart et al., 2014) , and usually it is not recommended to provide statistics summaries for Lasso regression. Therefore, in our study, traditional p-values and confidence intervals are not reported in final multiple regression models using Lasso regularization.
We also sought to understand the demographic characteristics that were more strongly associated with having a family member, friend, or romantic partner as a caregiver. Following this analysis, we conducted a multinomial logistic regression with Lasso regularization to identify predictive characteristics of the caregiver relationship. Glmnet package in R, with leaveone-out cross-validation with a lambda that produces minimal error, was used to identify the final logistic regression models (Friedman et al., 2010) .
Results
Overall, 1,373 PLWH completed the Web-based survey. Most participants were male, with slightly more than half (51.27%) reporting as White, followed by Blacks (26.51%) and Hispanic (11.9%). Of the respondents, 333 (24%) had an informal caregiver (Table 1) . In bivariate analysis, we found that males, Blacks, those with low incomes, individuals who ever had an AIDS diagnosis, those with basic cellphone service (which may be a proxy measure for low income), and those living with other HANA conditions were significantly more likely to have a caregiver. More than one-third (37.1%) of respondents reported that their caregivers were romantic partners/spouses, 119 (35.8%) reported having a family member as their informal caregiver, and 50 (15.15%) reported that a friend was their informal caregiver.
Of the 333 participants who had a caregiver, 173 lived with that person and 159 did not. Fifteen participants had known their caregivers for less than 1 year, 24 participants had known their caregivers for 1-2 years, and 293 had known them for more than 3 years. Thirty-nine spent all day with their caregivers, 113 spent 6-18 hours per day with their caregivers, and 180 spent less than 6 hours per day with them. Eighty-two participants financially depended on their caregivers, and 250 did not.
In our logistic regression model using Lasso regularization (Table 2) , we report predictive factors associated with having a caregiver. In contrast to a traditional logistic regression model, the output for (Lockhart et al., 2014) . As an example, as can be seen in Table 2 , 25-to 39-yearolds were not included in the final model as this age group was not a predictor of having a caregiver. Using the Lasso regularization method, the final model included predictors of having an informal caregiver as the following: number of HANA conditions (odds ratio [OR] 5 1.11), being 65 years of age or older (OR 5 1.34), being bisexual (as compared to homosexual/heterosexual; OR 5 1.29), Blacks (OR 5 1.53), ever had an AIDS diagnosis (OR 5 1.17), use of substances in the past 3 months (OR 5 1.16), and living in a suburban or rural area (OR 5 1.11). Study participants living with arthritis (OR 5 1.25), COPD (OR 5 1.27), osteoporosis (OR 5 1.30), and renal failure (OR 5 1.78) were more likely to have a caregiver; persons living with cardiovascular disease (OR 5 0.84) were less likely to have an informal caregiver. Education, use of a tablet, and marijuana use were not selected as predictors of having a caregiver in the final model.
Our multinomial logistic regression model (Table 3) reports the predictor and its associated risk ratio (RR) for each type of caregiver relationship (e.g., family member, partner/spouse, friend). Specifically, males (RR 5 0.48) and self-identified homosexuals (RR 5 0.75) were less likely to have a family member as a caregiver. PLWH who also had a diagnosis of arthritis were more likely (RR 5 1.08) to have a family member as a caregiver. PLWH who were older (RR 5 1.13) were more likely to have a romantic partner or spouse as their caregiver.
Discussion
Informal caregivers have been found to play a significant role in improving outcomes in PLWH (Denison et al., 2017; Mitchell et al., 2015) , making their roles particularly important. Our study provides important information about PLWH who are most likely to have an informal caregiver. The recipients of informal caregiving, particularly for PLWH, have not been previously studied, and our study is timely given the shift of HIV from an acute to a chronic illness in which people are living longer and more likely to face comorbid conditions.
Study participants who had a previous AIDS diagnosis and/or HANA condition(s) were more likely to have a caregiver. Based on these findings, we made an assumption that PLWH who met these characteristics were more likely to be sicker than PLWH without HANA conditions or a previous AIDS diagnosis. Income was measured by both self-reported annual income as well as by type of cell phone ownership. Basic cell phone users were more likely to be from low-income groups than smartphone users (Smith, 2013) .
After broadly considering all caregiver types, we found that being older, sicker, having a lower income, being bisexual, using substances, and living in a rural area were significant predictors of having a caregiver. This was to be expected, as sicker and older participants were more likely to have needs related to everyday function. PLWH with arthritis, COPD, osteoporosis, and renal failure were also more likely to have an informal caregiver, while PLWH with cardiovascular disease were less likely to have an informal caregiver. Currently, there is a dearth of literature on PLWH with HANA conditions and almost no study of the need for caregiving in this population. Further study of these associations is warranted.
Likewise, low income PLWH were less likely to be able to afford a paid caregiver or other paid nursing assistance, and therefore, were more likely to need an informal caregiver to help with everyday needs. Our findings were similar to studies in other samples of care recipients in the United States in which being older, less mobile, and having psychological and emotional issues made it more likely to have a caregiver (National Alliance for Caregiving & American Association of Retired Persons, 2015). The magnitude of informal caregivers is immense, with an estimated 5.8-7 million people providing informal caregiving to persons 65 years of age and older who need assistance with everyday activities (Spector et al., 2000) . Findings from our study as well, as from national estimates (National Alliance for Caregiving & American Association of Retired Persons, 2015) , support the need to develop interventions to support caregivers as the U.S. population ages and the health care system becomes more strained.
In our study, Blacks were significantly more likely than PLWH from other racial/ethnic minority groups to have an informal caregiver. This finding was consistent with other studies highlighting the usefulness of the informal caregiving relationship to support Blacks living with diabetes, cancer, and depressive symptoms, as well as those requiring long-term care in later stages of life (Ford et al., 1998; Guidry et al., 1997; Lincoln et al., 2005; McCann et al., 2000) . Blacks with diabetes have been shown to be more likely to rely on informal support networks for disease management than their White counterparts (Ford et al., 1998) . In another study, Blacks were more likely to report having access to a potential caregiver after adjusting for marital status and demographic characteristics (Roth et al., 2007) . Bisexuals, compared to homosexuals and heterosexuals, were more likely to have an informal caregiver. The type of caregiver relationship was normally distributed across friend, family, and partner, and no differences were found by type of caregiver for bisexuals, so it was unclear why bisexuals were more likely to have a caregiver. This finding has not been reported in the literature. One possible explanation is that, because men are less likely to be caregivers than women and most of the study sample were homosexual men, bisexual men may have had a caregiver relationship with a secondary partner who was a woman (National Alliance for Caregiving & American Association of Retired Persons, 2015) .
Finally, PLWH living in a rural area were more likely to have an informal caregiver. While the extent to which rural versus urban residence impacts having an informal caregiver is an understudied area, this finding was consistent with literature suggesting that both a care recipient and/or his/her caregiver in a rural area were more likely to rely on informal support compared to their urban counterparts (Goins et al., 2009) . Increased use of informal networks by rural caregivers has been associated with limitations in access and use of formal health services (Orpin et al., 2014) . Finally, substance-using PLWH in our study were more likely to have an informal caregiver, which was consistent with earlier research on HIV caregivers (Knowlton et al., 2007) .
Interestingly, when we looked at predictors of type of caregiver (e.g., spouse/partner, family, friends), homosexual males were less likely to have a family member as their informal caregiver. This has been supported by literature that has documented that homosexuals, especially those living with HIV, were often rejected by family members (Kadushin, 1996) . This has been further supported by the extant literature, which suggests that caregivers of PLWH receive less social support from a sexual partner's family if there is divergence between him and his family regarding sexual orientation or HIV status (Wight et al., 2003) . Additionally, caregivers of PLWH who were sexual partners of care recipients may concurrently struggle with concerns about their own and their partner's health (Pakenham et al., 1996) , making the psychological burden and stress associated with being a caregiver even greater than in other noninfectious and nonstigmatized diseases, for example, dementia, cancer (Dunkin & Anderson-Hanley, 1998; Etters et al., 2008) . On the other hand, in our study, older PLWH were more likely to have a spouse as a caregiver. This finding was interesting in light of the current research, which has indicated that older PLWH were more likely to live alone and less likely to have a partner (Emlet, 2006; Pirraglia et al., 2005) .
The potential for selection bias was an important limitation of our study. The survey was a national Webbased survey with the potential for differences in the types of persons who had access to and would be willing to complete an anonymous online survey that included questions about their HIV disease, as compared to the types of persons who might not be willing to complete such a survey. Another limitation of our study was that we did not ask when or how a particular person became the recognized caregiver. A related area for future study is the assessment of the dyadic relationship between caregivers and care recipients and whether this was a mutually identified relationship.
Conclusion
In summary, PLWH who were most likely to report having HIV caregivers included persons who were most likely to come from marginalized backgrounds, including low income, racial or ethnic minorities, older than 65 years, and living in rural settings. Given the demographic profile of PLWH who were most likely to have caregivers, further study is needed to understand the needs of the caregivers and the care recipients. Caregivers of PLWH are an understudied population, yet the extant literature suggests that caring for a loved one with HIV presents unique demands for the caregiver, pointing to the need for interventions for caregivers of PLWH (Pinquart & S€ orensen, 2003) . The limited study of caregivers themselves, for PLWH in the age of cART, is increasingly relevant and an important area for further study. For example, caregivers tend to face personal chronic health problems and health risks associated with the caregiving role such as heart disease, hypertension, stroke, decreased immune function, and impaired self-care (Center on Aging Society, 2005). Half of caregivers have reported living with at least one chronic condition that was typically associated with deteriorating health, which can compromise ability to carry out the physical tasks associated with caregiving roles (Family Caregiver Alliance, 2017) . This growing shift in home-based care supports the need for both caregivers and recipients to engage in health care self-management.
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Key Considerations
The shifting trajectory of people living with HIV (PLWH), which combines increased longevity and the development of comorbid conditions, makes it much more likely that PLWH will have the need for some form of caregiving. PLWH from marginalized backgrounds, including low income, racial or ethnic minorities, those older than 65 years, and those who lived in rural settings, are more likely to report having an informal caregiver. The health and well-being of informal caregivers is an understudied area that merits further investigation, as caregiver burden may lead to a decline in the health status of both the care recipient and the caregiver.
